We evaluated the efficacy of Cox-maze IV procedure using bipolar irrigated radiofrequency ablation and cryothermy in chronic atrial fibrillation associated with valvular heart disease. Material and Methods: From November 2005 to June 2009, ninety four patients have undergone valvular heart surgery with Cox-maze IV procedure. Preoperative duration of atrial fibrillation was 7.6±6.5 years and follow-up duration was 22.7±12.3 months. Results: There were two (2.1%) postoperative deaths not related to maze procedure. Two cerebrovascular accidents, five low cardiac output syndromes and two permanent pacemaker implantations have occurred after surgery. Preoperative ejection fraction on echocardiography was 55.3±8.1% and ejection fraction of postoperative six month was 54.7±6.5%. Left atrial size of preoperative and postoperative were 61.5±11.6 mm and 53.1±8.4 mm at each. Freedom from atrial fibrillation rate at postoperative six-month was 80.7% and the cases of recurrence of atrial fibrillation after six months were three (3.3%). Risk factors for failure or recurrence of maze procedure were old age (p=.010) and preoperative moderate or severe tricuspid regurgitation (p=.033). Conclusion: The Cox-maze IV procedure using RFBP2 and cryothermy is quite safe and freedom from atrial fibrillation at postoperative 6 month was 82.5%. Risk factors for failure or recurrence of atrial fibrillation after Cox-maze IV were old age and preoperative over moderate tricuspid regurgitation.
INTRODUCTION
Atrial fibrillation (Afib) is the most frequent continuous cardiac arrhythmia and it could be present under abnormal organic cardiac disease or not. When it occurs under any situation, it causes the reduction of cardiac output and intra-atrial thrombus formation which could be an origin of systemic embolism because there is no mechanical activity in both atrial chambers.
As provided in American College of Cardiology and
American Heart Association, the treatment of Afib is composed of several anti-arrhythymic or rate control agents, elec-
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− 19 − tric sinus conversion and anticoagulant agents [1, 2] . Among these modalities, surgical Cox-maze procedure has been known as the best tool for confident sinus conversion. Since Cox-maze procedure was first performed at 1987, it has been modified twice to Cox-maze III procedure. After late 1990's, by means of various energy sources such as cryoablation, unipolar or bipolar radiofrequncy ultrasound and microwave it has been modified to be Cox-maze IV procedure which is less invasive and costs lesser procedure time [3] . The lesion sets of Cox-maze IV procedure can be matched with that of Cox-maze III procedure. However, the durability of Cox-maze IV procedure is not guaranteed compared to original cut and sew technique in terms of transmurality formation in some papers [4, 5] .
In addition, because it could cause considerable aortic cross clamp time, frequent bleeding episodes from incision line and operative complexity, original cut and sew technique was abandoned in these days.
So, in this paper, we tried to provide appropriate treatment for Afib associated with valvular heart disease by analyzing the results of Cox-maze IV procedure using bipolar radiofrequency and cryoablation.
MATERIAL AND METHODS
A retrospective analysis was made of ninety four consecutive patients who underwent Cox-maze IV procedure asso- According to combined surgery, we generally performed right atrial ablation on beating heart before aorta cross clamping to minimize the myocardial ischemic time. Ablation procedure for left atrium was performed during aorta cross clamp time with main combined procedure.
All ablation procedures obtained transmural lesion by instrumental guidelines; we applied a cryothermy using N2O
for more two minute under −60 o C and bipolar radiofrequency twice using 25∼30 watt energy. In this study, we defined "free from Afib" as ECG showed Except two mortalities and two follow up loss, ninety patients have been followed up in outpatient department and mean follow up period was 22.7±12.3 (0.7∼43.5) months.
1) Transthoracic echocardiographic (TTE) findings
Preoperative echocardiography revealed that left ventricular ejection fraction was mean 55.3±8. Generally, in our definition of free from Afib, success rate of our Cox-maze IV procedure in valvular heart disease at postoperative 6 months was 80.7% (71 out of 88). After 6month, we could find three recurred Afib patients in our cohort which meant 3.3% (3 out of 90) of recurrence rate.
2) Electrocardiographic (ECG) findings
During follow up period after discharge, there was no newly developed cerebrovascular accident and no other morbidity associated with open heart surgery except one patient who underwent permanent pacemaker insertion due to sick sinus syndrome. All patients but four (two were early mortalities and two were follow up loss due to other hospital transfer)
were regularly followed up in outpatient department. Among them, 53 patients (58.9%) have taken anti-arrhythmic agent such as amiodarone at postoperative 6 month.
3) Risk factors analysis for failure of maze procedure ( arate pulmonary box lesion and connection [9] . So, we have performed Cox-maze IV procedure with established atriotomy lesion set, cryoablation and radio frequency as mentioned above column and made an addition of division of Marshall ligament [10, 11] .
Concerning bipolar radio frequency, it is inferior to construct transmural lesion than cut and sew technique but superior to avoid catastrophic bleeding from incision line and inevitable time of considerable myocardial ischemic period. So, it is very effective to apply both cryoablation and bipolar radio frequency to make the lesion sets with less time and less complication.
In this study population, although there were two early deaths, all mortalities were related to underlying cardiac disease and combined procedure not to maze procedure itself. In Decisive points for success of maze procedure are not only surgical technique such as exact lesion set formation and guarantee for transmurality but also factors of patient itself such as etiology of Afib (rheumatic or non-rheumatic), Afib duration and atiral size. Because this study is not a comparative design, we cannot suggest that Cox-maze IV procedure using cryoablation and bipolar radio frequency is superior to other type of maze procedure. However, considering relative high proportion of rheumatic valvular disease and lack of lone Afib in this study population, the success rate of 80.7% is comparable to other papers [4, 12] . In addition,
Cox-maze IV using cryoablation and bipolar radio frequency is very efficacious and valuable as there has been no newly developed cerebrovascular accident during follow up period.
With respect to prescription of anti-arrhythmic agent in this study, 58.9% at postoperative 6 months is relatively higher than other reports. The reason is suggested that incidence of junctional rthythm and sinus tachycardia is relatively high.
However, most patients could be discontinued to take anti-arrhythmic agent afterwards. And we think that direct comparison for anti-arrhythmic agent medication is not reasonable because each surgeon has different preference and indication for anti-arrhythmic agent.
It is widely known from lots of literatures that risk factors for failure of maze procedure were longer duration of Afib, larger left atrial size, and older age including rheumatic valvular heart disease and certain type of Afib [3] . This analysis also found that older age and preoperative more than moder- [14] . Therefore, we performed constantly tricuspid annuloplasty using MC3 ring if there was evidence of annular dilatation on right atriotomy finding which showed over three finger breadth or over the size of Carpentier-Edwards ring 34 mm sizer and reported good results which showed low residual tricuspid regurgitation and no morbidity related to annuloplasty procedure [15] .
Limitations of this study are; first, there is no comparative control group. Period of classic cut and sew technique in our institution was too long ago to compare current technique because of so many other variables. Besides, to strictly compare two techniques, only lone Afib patients should be studied for exclusion of operative bios. But, we had no such subject.
Second, there was no data of both atrial mechanical activities.
It is well known that no mechanical activity of atrium can lead evolution of thromboembolism even in normal sinus rhythm. We could not survey that of each patient in TTE data because this study was designed retrospectively. This should be mandatory to following research. Third, we should have surveyed more detail and in-depth manner such as
Holter monitoring on analysis of ECG. However, many researchers would set up 12-lead ECG as a standard evaluation tools for Afib. Last, because this study includes many type of combined surgery, it is unreasonable to accept as results of maze procedure. Therefore, it is mandatory to survey on lone Afib.
CONCLUSION
The Cox-maze IV procedure using cryoablation and bipolar radio frequency is safe and comparable to other maze procedure with 80.7% of success rate at postoperative 6 months.
And risk factors for failure or recurrence are old age and preoperative more than moderate tricuspid regurgitation.
